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Abstract
Two trials were conducted to study the effect of the stage of maturity of fresh herbage on its dígestíbility by ttuo
breeds of sheep (Churra v. Merino). The sward consisted of a mixture of grasses nnd clo'oer, and toas haroested either
in late May (early cut, EC) or in late luly (Iate cut, LC). In each trial, 12 mature sheep of each breed zuere used.
Each animal receizted a different amount of fresh herbage, so that leoels of food intake ranged between 8'L and 24'7 g
dry matter (DM) per kg body weight per day. EC herbage showed higher crttde protein content (116 v. 67 g/kg
DM), Iower neutral-detergent t'íbre concentration (494 v. 664 g/kg DM) and higher DM digestibility (0'687 (s.e.
0.005) v. 0.463 (s.e.0.007)) than the LC herbage. DM digestibitity cofficients obseroed in Churta (0'694 (s.e'
0.028) for EC and 0.476 (s.e.0.028) for LC herbage) tended to be greater than those obser-oed in Merino sheep (0'680
(s.e.0.021) for EC and 0.452 (s.e.0.040) for LC herbnge). With the EC herbage DM digestibílity tended to decrease
as the leael of intake íncreased. Samples of dried herbage were incubated in the rumen of Churra and Merino sheep
to determine the DM degradability by the in situ technique. Fractional degradation rates (c ualues) were
signit'ícantly faster in the rumen of Churra than in Merino (0.046 (s.e.0'003) v.0'031'(s.e.0'002)), with large
differences between breeds in the DM disappearance rates at intermediate incubatiott times, and no significant
differences between Churra and Merino sheep in the mean a + b aalues. Microbiol N supply, calculated ftom the
urinary excretion of purine deri-oatíaes, was signifícantly affected by the herbage maturity stage and by the leoel of
DM intake, but not by the breed of sheep. It is suggested that dffirences between breeds of sheep in food digestibilíty
mau be related to their ability to digest fibrous diets.
Keywords: digestibility, food intake, herbage, rumen digestion, sheep breeds.
Introduction
Comparative studies have shown differences
betwéen ruminant species in the utilization oi
roughage diets, most like1y related to differences in
their feeding behaviour and digestive Processes(Dulphy et aL, 1995). These differences have been
observed even between breeds within the same
species and may represent distinct feeding strategies
ai the result of the adaptation for survival in their
characteristic natural environment (Van Soest, 1994).
Such breed differences have important impiications
for the suitability of particular genotypes for low-
input extensive Áystems of animal production, and
lvithin-species variation needs to be evaluated, as
findings in one breed may not be applicabie across
the whole species.
The tn'o main sheep breeds in northern Spain are
Churra and Merino. They have been traditionally
managed in different grazing systems based on the
use of natural resources (stubble, mountain Pasture,
etc.): the Merino breed has been managed in a
transhumance regime and the Churra breed has been
used in semi-arid upland areas as part of a non-
migratory system (Frutos et aL, 1998). It is possible
that these -different regimes have pushed these
breeds to evolve different digestive mechanisms.
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Some comparative studies have reported differences
between Churra and Merino breeds in the weishts of
different parts of the digestive tract (Frutos et nL,
1992), diet selection when grazing on a hill shrub
community (Revesado et nl., 7991), voluntary intake
of forages (Amor, 1994) and ruminal activity (Ranilla
et al., 1997). Rumen degradability of various foods
was higher in Churra than in Merino sheep and
differences between both breeds were greater with
foods with a higher cell wall content (Ranilla ef a/.,
7997). However, no differences were found in
digestibility when animals were given a good-quality
forage (RanilIa et n1.,1998). It has been suggested that
the masnitude of the differences between breeds
may be variable depending on the diet and the level
of intake (Ranilla et a\.,1998; Lourengo et aI,,2000).
This study was carried out to examine the differences
between Churra and Merino sheep in the
digestibility and rumen degradation of frésh herbage
harvested at two maturity stages, and offered over a
wide range of leveLs of intake.
Material and methods
Digestibility trinls
The experiment comprised two digestibility trials
conducted between May and iuly. The same sheep
were used in both trials.
Animals
Twelve mature non-breeding healthy ewes of each
poiled Churra and Merino breeds (24 sheep in total)
were used. A11 animals had been reared under
similar conditions in the research farm of the
Estación Agrícola Experimental of the Consejo
Superior de Investigaciones Científicas (CSIC),
located at León in north-west Spain [atitude
42'35'N; longitude 5"43'E\, where tñe experiment
was conducted indoors under natural photoperiod
and temperature conditions. Animals were between
3 and 4-years old and their average body weight
(BW) was 48.6 (s.e.7.7Qkg for Churra and 45.9 (s.e.
1.23) kg for Merino ewes.
Herbage
During all the experiment ewes were offered fresh
herbage harvested from a permanent sward of a
mixture of grasses and clover. Herbage was
harvested with a mower, chopped to 5 to 10 cm, and
stored at 4'C in a cold room until use.
Herbage for the first digestibility trial was harvested
in late May (early cut, EC), with the plants showing
an early vegetative stage, whereas in the second trial
the herbage was harvested in late July (late cut, LC)
with a1l ihe plants at a very mature stage (seeding).
Exa er iment nI aro c edur e s
Each trial consisted of a preliminary 10-day
adaptation period, followed by a7-day measurement
period. During each triai animals were housed in
standard metabolism cages in which faeces and urrne
were collected separately.
In each trial alL animals were offered herbase from
the same batch, harvested the first day of eiüer the
adaptation- or the measurement- period of each
balance trial. Therefore, for each trial the herbage
was cut and harvested twice: once on the dav
preceding the commencement of the trial (on 21 May
and 10 July for EC and LC, respectively), and again
on the day before the measurement period (on 31
May and 20 July for EC and LC, respectively), and
then chopped (approx. 5 to 10 cm), weighed and
stored at 4"C in a cold room until required either for
the adaptation or for the measuiement period,
respectively. By cutting at one time all the food
required for each particular measurement period,
herbage was kept at a specific stage of growth during
the whole neriod. without the variations that would
result if fresh herbage was cut every day. Three
samples of each batch of herbage were taken during
the measurement period and processed for analytical
determinations. The chemical comoosition of the
fresh herbage at the two maturity stJges was clearly
different (Table 1), the EC herbage showing higher
crude protein content and lower cell wall content
than the LC herbage.
Within each breed of sheep, animals were randomly
allocated to different levels of intake, so that
digestibility could be determined at six levels of food
allowance, with a wide range in dry-matter (DM)
intake. Each sheep received a specific amount of
fresh herbage, calculated taking into account the
animal BW and the herbage DM concentration to
reach the intended level of intake. The range in DM
intake per kg BW was the same (8'L to 24.7 g DM per
kg BW per day) for each breed and in both trials (see
Figure 1). Food was distributed to animals twrce
daily at approximately 09:00 and 18:00 h as two
equal meals. Fresh water and vitamin-mineral blocks
wére always available. Refusals were weighed out
every day so that food intake was calculated as food
Table 1 Chetnical composition of the herbage used for each trinl
E^-l-, ^,,+ T ^+^ ^,,+La1l] LUL(EC) (LC)
Cutting date
Dry matter (DM) (g/kg)
Organic matter (g,i kg DM)
Crude protein (g/kg DM)
Neutral-detergent fibre (g/kg DM)
31 May 20 Juty226.0 548.1
926.3 926.4
115.8 68.8
493.5 664-7
offered minus refusals. Samoles of refusal were taken
for chemical analysis.
Total faecal collection was for the last 5 days of the 7-
dav measurement period. Faeces of each animal were
coÍected, weighed-, thoroughly mixed and sampled
(100 g/kg faeces collected) daily. All the aliquots for
each sheep were bulked, and ihe pooled sample was
dried to constant weight, ground and stored for
chemical analysis. Total daiiy urinary output was
also collected during these 5 days. Urine was
collected in a solution of HCI (0.2 mo1/1) to maintain
the pH below 3. Daily urine was weighed and its
density was measured in order to estimate the
volume of liquid excreted. A sample (20 m1/l urine
collected) was composited daily for each sheep, and
stored at 
-20'C until analvsed for purine derivatives.
Rumen degradability
Samples of each batch of herbage were incubated in
the rumen of Churra and Merino sheep by the nylon
bags technique (Orskov and McDonaId, 1979) to
determine the DM degradability.
TWo Churra (mean BW 45 (s.e. 1.3) kg) and two
Merino (mean BW 46 (s.e. 1.2) kg) ewes, individually
penned and fitted with ruminal cannulae of 35 mm
internal diametet were used. Each sheep was offered
1kg of alfalfa hay per day in two equal meals. For
the incubations, bags (12.0 X 10 cm; Maissao, Spain)
made of filter cloth with an approximate pore size of
40 pm diameter were used. Samples of 4 g of dried
herbage, ground to pass 2-mm screen/ were
incubated in the rumen of each of the ewes for 2,4, B,
16, 32, 64, 96 and 168 h. One bag per time interval
was incubated in each sheep at each of two
incubation series, giving two observations per sheep.
Bass were introduced into the rumen before the
morning mea1. After removal from the rumen the
bags lvere rinsed thoroughly under running cold
water for 2 min and then washed for 20 min with
cold water in a commercial washing machine. They
were then dried in a forced-air oven at 60'C for 48 h
and r.,r'eighed to determine DM losses. Zero-time
losses were estimated by washing two bags per
sample with the same washing programme used to
wash the bags after the incubations.
Chemiail analysis
Samples of herbage, refusals and faeces were
analysed for ash, N and neutral-detergent fibre
(NDF). Procedures described by Association of
Official Analytical Chemists (1990) were used to
determine organic matter and kjeldahl nitrogen (N).
NDF was determined by the method of Goering and
Van Soest (1970). Samples of urine were centrifuged
at 2500 g for 5 min and purine derivatives (allantoin,
Digestion of herbage by two breeds of sheep 515
uric acid, xanthine and hypoxanthine) were analysed
by high-performance liquid chromatography
according to Balcells et al. (992). Total purine
derivatives (PD) were calculated as the sum of
allantoin, uric acid, xanthine and hypoxanthine.
Calculations and statistical analysis
DM disaopearances were fitted to the model
described by Arskov and McDonald (1979) lD = n + b(1 
- 
e-'')], where D represents the loss from the bag
after f h, a the instantly degradable fraction, b the
slowly degradable fraction and c the rate of
degradation of fraction b. The equation was fitted to
the degradation profiles using the Marquardt
method for interactive, non-linear, least-square
estimation using the package of Statistical Análysis
Systems Institute (SAS, 1993). Extent of degradation
of DM in the rumen (dg; g/ g ingested) of sheep was
calculated as: dg = n+bc/(c+k), where k is the
fractional passage rate (per h) of digesta from the
rumen. The values of k used for the estimation of dg
were those given by Ranilla et al. (1998) (0.042a foi
Churra and 0.0443 for Merino sheer:) measured in
animals consuming co.1 kgalfalfa hay daily.
Estimations of the microbial N supply (g N per day)
and of the efficiency of microbial N supply (EMNS, g
microbial N per kg digestible organic matter (OM)
apparently digested in the rumen (DOMR)) were
obtained from the amount of PD excreted (mmol/
day) following the model derived by Chen e/ al.
(1ee2).
Data were analysed by standard factorial analysis of
variance procedures (Steel and Torrie, 1981) using
the SAS package (1993). For the analysis of the data
from the rumen degradation trial a factorial design
was used, with two sources of variation (2 sheep
breeds X 2 herbage maturity stages) and the
incubation series as a blocking factor. Total degrees
of freedom (L5) were partitioned into breed (1),
herbage maturity stage (1), interaction breed X
maturity (1), sheep within breed (2) and incubation
series (1), lea.,'ing 9 d.f. for the error term.
Data from the balance experiment (digestibility and
excretion of PD) were analysed following a split-plot
design considering animals as the main experimentai
units and the herbage cutting date (maturity stage)
as the repeated measure. Although initially sheep of
each breed were randomly assigned to one of six
levels of food allowance, actual DM intakes were
distributed as a continuous variable and therefore
was included in the model as a covariate.
Preliminary analyses were performed to examine the
homogeneity of the slopes among the different
experimental groups. For most variables studied, the
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siope with the covariate was significantly affected by
the herbage maturity stage but not by the breed of
sheep. Therefore, in those cases a model with
sepaiate-slopes for each herbage maturity stage was
used. Thus, the factors included in the model r¡'ere
breed (d.f. = 1), animal nested within breed
(d.f. = 22), herbage maturiiy stage (d.f. = 1),
breed X herbage maturity interaction (d.f. = 1) and
intake (as covariate) nested within herbage maturity
stage (d.f. = 2). Animal within breed was the main
plot error (Steel and Torrie, 1981) for the comparisons
between breeds, whereas the other treatment effects
were tested against the overall error (d.f. = 20). This
design implies that data are blocked within
individual sheep for statistical comparisons between
herbage maturity stages, and therefore the standard
errors of difference (s.e.d.) presented in the tables are
effective s.e.d. for between- (s.e.d.u) and within-
(s.e.d.*) breed comparisons (Steel and Torrie, 1981).
Results
Digestibility coefficients of herbage at both maturity
stages measured in Churra and Merino sheep are
shown in Table 2. As expected, apparent digestibility
of the herbage was significantly (P < 0'001) affected
by ihe maturity stage, with observed mean DM
digestibility values of 0.687 and 0.463 for the EC and
LC herbage, respectively. The difference between EC
and LC herbage was larger for the CP digestibility,
due to the low values observed for the LC herbage.
Digestibility coefficients observed in Churra ewes
tended to be greaier than those observed in Merino
ewes. However, the differences between breeds did
not reach statistical significance (P > 0.05) with the
EC herbage, whereas with the LC herbage the effect
of sheep breed on DM, OM and NDF digestibiiity
was significant (P < 0'05).
The effects of herbage maturity stage, sheep breed
and level of intake (g DM per kg BW per day) on the
apparent DM digestibiiity are represented in Figure
1. Levei of intake was included in the model as a
0.76
0.36
7.5
DM intake (g/kg body weight per day)
Figure 1 Relationship between dry matter (DM)
digestibility of the herbage at two maturity stages (early cut
-circles- and late cut -squares-) and level of herbage intake
in Churra (solid symbols and lines) and Merino (open
symbols and dashed lines) sheep.
covariate with separate slopes for EC and LC
herbage. Differences between breeds in DM
digestibility were larger with the LC than with the
EC herbage. In both breeds, Churra and Merino, DM
digestibility of the EC herbage tended to decrease as
the level of intake increased (slope = -0.0031 (s.e.
0'00155) P < 0.05), whereas for the LC herbage, the
slope was not significantly different from zero
(slope = 0.0030 (s.e.0.00195) P > 0'05).
DM disappearance rates from the bags of EC and LC
herbage incubated in the rumen of Churra and
Merino sheep can be observed in Figure 2.
Disappearance rates were greater for EC (Figure 2a)
than for LC (Figure 2b) at a1l incubation times.
Within each herbage maturity stage, DM
disappearance was higher when the herbage r.r'as
incubated in the rumen of Churra than in the Merino
sheep, with the largest differences between breeds
occurring at intermediate incubation times. In both
0.66
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Table 2 Digestibility coeJficients of the herbage at two matttrity stages in Churra and Merino sheep
Early cut (EC) Late cut (LC)
Churra Churra Merino
Dry matter
Organic matter
f-¡¡ ¡,-lo nrn+oin
Neutral-detergent f ibre
0.691^
0.720^
0.663"
0.645"
0.680"
0.706"
0.660"
0.62r^
0.476b
0.495b
0.232b
0.475b
0.452,
0.472,
0.223b
0.446,
0.0112
0.0109
0.0737
0.0139
0.0091
0.0088
0.0724
0.0103
rb¡ Means in a row with different superscripts differ significantly (P < 0'05).
s.e.d.u and s.e.d.* are standa¡d errors of difference for between- and within-breed comparisons, d.f .22 and 20 respectively.
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Ruminal degradation of the EC and LC herbage was
reasonably described by the exponential equation
used, with a significant fit (r2 > 0.95; P < 0'001) of the
adjusted curves to the observed disappearance rates.
The in sacco DM degradation parameterc (a, b, c, tr + b
and dg values) of the EC and LC herbage, in Churra
and Merino sheep, are presented in Table 3.
As expected, the rumen potential degradability (a + b
value) and the extent of degradation (dg) of the
herbage were significantiy (P < 0.05) lower for LC
than for EC. These effects can be attributed to the
large difference between EC and LC in the a
parameter, as differences in the b and c parameters
were smaller. There were no significant differences
(P > 0.05) between Churra and Merino breeds in the
mean potential degradability values (a + b).
F{owever, the fractional degradation rate (c) was
significantly (P < 0.05) higher in the Churra than in
the Merino sheep (0.046 o. 0.031, respectively). This
difference between breeds in the fraciional
degradation rate of the herbage resulted in a
pronounced effect of the sheep breed on the
estimated extent of degradation in the rumen (dg
value), that was significantly higher in Churra than
in Merino sheep for herbage harvested at boih
maturlty stages.
As shown in Table 4 there were significant (P < 0.05)
differences between herbage maturity stages in
urinary allantoin and PD excretion, that were greater
in EC than in LC herbage. Within each trial, there
were no significant (P > 0.05) differences between the
two groups of animals (Churra a. Merino) in the
daily excretion of allantoin and total PD in urine. The
estimated intestinal flow of microbial N was
significantly (P < 0.05) affected by the herbage
maturity stage but not by the sheep breed (P > 0'05),
with similar values for Churra and Merino sheep
within each herbage maturity stage. When the
microbial N supply was expressed as g N per kg
DOMR, the effects of herbage maturity stage and
sheep breed were not significant, and the estimated
Incubation time (h)
Figure 2 ln situ dry matter (DM) disappearance profiles
and fitted degradation curves of (a) early cut and (b) late
cut herbage incubated in the rumen of Churra (solid
symbols and lines) and Merino (open symbols and dashed
lines) ewes.
maturity stages, differences between sheep breeds
only reached statistical significance (P < 0.05) at 16,
32 and 64hof incubation in the rumen.
Table 3 Dry-matter degradation parameters (a, b and c aalues) and extent of rumen degradation (dg) of the herbnge nt two maturity
stages in Churra and Merino sheep
Early cut (EC) Late cut (LC)
Churra Merino Churra Merino ^^)
a (g/g incubated)
b (g/g incubated)
c (per h)
a+b(g/gincubated)
dS G/S ingested)
0 0493" 0.0299,
0.773, 0.184.
0.504"b 0.493b
0.0437b 0 0311,
0.319,
0.533"
0.852"
0.337b
0.516d
0.0061
0.0134
0.00178
0.853" 0.678b 0.677b 0.0098
0.603" 0.545b 0.428' 0 386d 0'0072
a.b.c.d Means in a row with different superscripts differ significantly (P < 0'05).
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Table 4 Purine derioatiae (PD) excretion nnd estimated microbíal nitrogen *pply in Churra and Merino sheep gi-oen t'resh herbage
haraested nt tToo maturity stages
Early cut (EC) Late cut (LC)
Churra Merino Churra Merino s.e.d.- s.e.d.r!
¡rmol/kg body weight per day
Allantoin
Uric acid
X+H
Total PD
mmol/day
Allantoin
Total PD
Microbial N supply
g N per day
g N per kg DOMR
207b 203b
43b 24^
48" 39"
29Bb 266b
2.96b 3.60b
4.60b 4.79b
313"
46^
383"
5.93"
7.23^
5.79"
76 4"
358"
79^
44^
421^
6.36
7.18
6.08"
77.2"
3.21b
17.0^
3.33b
15.2
41.4
4.1
6.9
48.3
0.952
1 044
1.027
2.22
32.4
4'4
6.0
356
0.681
0.758
0.705
7.62
ab Means in a row with different superscripts differ significantly (P < 0.05).
X + H = xanthine + hvpoxanthine.
DOMR = dlgestible organic matter apparently digested in the rumen.
s.e.d.u and s.e.d.* are standard errors of difference for between- and withln-breed comparisons, d.f .22 and 20 respectively.
efficiencies of microbial supply were similar in all
experimental groups (Table 4).
The effects of DM intake (g/day) on microbial N
supply and EMNS are illustrated in Figure 3a and b,
respectively. The test of homogeneity of slopes
revealed that the relationship between these
variables was not significantly affected by the
herbage matutity stage or by the sheep breed, so a
common slope was used to represent that
relationship in all experimental groups. TWo
regression lines were used for the relationship
between microbial N supply and DM intake, given
that average values of microbial N supply were
significantly greater for EC than for LC herbage, and
therefore the intercept of the regression equation
(Figure 3a) was also higher for EC than for LC
herbage. The microbial N supply and EMNS were
both linearly related to the daily DM intake
expressed per kg BW' The slopes of these
relationships were 0'495 (s.e.0.0767; P<0.001), and
0.496 (s.e.0'2224; P < 0.05) for the microbial N and for
EMNS, respectively; indicating that both variables
were higher as the DM intake was increased.
Discussion
Herbage n'Laturity stage
Herbage maturity stage at harvest is one of the main
factors affecting the nutritive value of the forage
obtained from permanent swards like that used in
this study. As the cutting date is delayed the
botanical composition of the herbage changes
significantly, increasing the proportion of grasses and
decreasing the relative proportion of legumes
(clover). Other changes with a later plant maturity
stage are the decrease in the leaf to stem ratio and the
development of supporting tissues, characterized by
the presence of highly lignified cell walls. Therefore,
the N content of the herbage decreases with maturity,
whereas the cell wall concentration is increased (Van
Soest, 1994). Herbage digestibility decreases with
plant maturity stage (Minson, 1990; Demarquilly et
al., f995), and therefore digestibility of EC herbage
was significantly greater than that of LC herbage.
The contribution of endogenous material to the total
faecal excretion should bé sreater with the LC than
with the EC herbage (Van Sóest, 1994; Demarquilly et
al., 1995), as mirrored in the di{ferences between the
two in apparent digestibility, especially of CP.
The differences between the two trials in the
microbial N supply should be attributed to the
higher N content and digestible OM intake of the EC
compared with the LC herbage, resulting in higher
degradable N and fermentable OM supply for the
microbial synthesis in the rumen. However, the
efficiency of microbial synthesis seemed to be not
affected by herbage maturity stage, as EMNS
estimated from PD excretion was similar in both
trials. Beever et nl. (1986) found no evidence of
forage-induced or season-induced effects on the
efficiency of microbial N synthesis measured in uiuo
in cattle given either ryegrass or white clover
harvested at three maturity stages.
Herbage maturity stage would induce changes in
neither the type of N and energy sources reaching
the rumen nor their rates of release in the rumen
(Sinclair et aI., 1.995; Dijkstra et nl., 1998), explaining
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13.5 79.5
gDM intake per kg body weight per day
nl., 1998). Iason ef al. (1995) observed that the
apparent digestibility of timothy huy was
significantly lower in Shetiand than in Dorset Horn
and Scottish Biackface sheep. None the less, when
the experiment was repeated in a different trial,
using the same hay, the digestibility was not different
among the three breeds any more.
Several in situ and in aitro experiments have also
been carried out to studv differences between breeds
in the rumen degradability of foods. In general,
degradability was greater in the rumen of iocal
breeds than in the rumen of non-native and/or
improved breeds (pe Waal, 1995; Ranilla et aI,,1997;
Manso et aI.,1999; Sebek and Everts, 1999). Ranilla ef
al. (1997 and 2000) found that rumen degradabiiity of
some feeds was higher in Churra than in Merino
sheep, although these differences between breeds
were larger with foods with a higher cell wall
concentration and insignificant with some other
feeds. In contrast with previous work. Ranilla e/ al.
(2C00) reported higher rumen degradability of
oesophageal extrusa from Merino than from Churra
sheep, and explained these differences on the basis of
the improved ability of Merino sheep to select their
diet. In this case, the material incubated in the rumen
of Churra and Merino sheep would not be the same,
as that selected by Merino sheep would be of better
quality.
Therefore, differences between breeds in the
digestion and rumen degradation of foods seem to
be dependent upon the breeds studied and on the
type of food used for the comparison. The differences
are more pronounced between breeds adapted to
different environmental and feeding conditions
(Weyreter and Engelhardt, 1984; Manñ ef al., 1,987;
Givens and Moss, 1994), as changes in digestive
ability would have been evolved in response to the
adaptation to marginal situations. Breeds wiil differ
more in the digestion of poor quality foods, for
which iocaL breeds would be more adapted
compared with those improved breeds given good
qualit¡z foods to increase their productivity. Ranilla el
al. (1998) and Lourengo et (tL (2000) concluded that
differences between breeds in the diqestive
utilization of foods are onlv noticeable with poor-
quaiity forages offered at léveh close to ad libitutn
intake.
As stated in the Introduction, the main objective of
the present work was to study breed differences
using forages of different digestibilities offered at
different levels of intake. The differences between the
Churra and the Merino sheep were not affected by
food intake. F{owever, herbage quality seemed to
have an important effect on ihe comparison.
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Figure 3 Relationships between the estimated microbial
nitrogen suppiy expressed as (a) g N per day or (b) g N per
kg DOMR (digestibie organic matter apparently digested in
the rumen) in Churra (solid symbols) and Merino (open
symbols) sheep and level of intake of herbage harvested at
two maturity stages (early cut -EC, circles- and late cut -LC,
squares-).
therefore the lack of response in the efficiency of
microbiai N synthesis.
Breed of sheeo
Differences between breeds and genotypes of sheep
in many aspects of their basic biology (reproduction,
lactation and growth) are well known. Nevertheless,
differences between breeds in the digestibility and
rumen degradability of foods have only been
investigated more recentiy, with controversial results.
Thus, whereas some authors have detected
significant differences between breeds of sheep in the
digestibility of forage diets (Amor, 1994; Givens and
Moss,1994; Manzke et al., t997; Lourenqo et aL,2A00),
others have found negligible differences (Ranilla e/
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Differences between breeds were not significant
when animals were given the early cut, highly
digestible herbage but reached statistical significance
with the late cut, poorly digestible herbage.
Although both Churra and Merino breeds are
autochthonous breeds, they have been traditionaily
managed in different sheep production systems and
therefore adapted to different feeding conditions.
Merino sheep have been managed in a transhumance
system followirg pasture allowance. This system
may have induced a selection towards sheep that
select the best herbage on offer and, therefore, the
digestion of highly digestible roughage. On the other
hand, Churra sheep have been managed in a non-
migratory system, typical of semi-arid upiand areas,
in which they are grazed at some periods of the year
on very low-quality food resources such as stubble.
The ability of some breeds to digest more fibrous
foods has-been attributed to chanses in the rumen
environment (Ranilla et nt., 7997 and 2000; Manzke ef
aI.,1997) that enhance their cellulolytic activity in the
rumen. Ranilla et nl, (L997) observed that ruminal pH
was more stable and remained longer within a range
of values more favourable for the digestion of fibre in
Churra than in Merino sheep, probably due to higher
rates of saliva secretion (Ranilla et aL,1998).
Other digestive mechanisms that would allow a
more efficient digestion of fibrous diets by some
breeds have been suggested, such as increasing the
volume of the reticulo-rumen, prolonging the
retention time of fluid and particles (Weyreter and
Engelhardt, 1984; Ranilla et al., 1998), facilitating a
greater reduction in particle size and increased saliva
production by more intense chewing and ruminating
(Sebek and Everts, 1999) or changing the protozoal
population in the rumen in response to the diet
(Teferedegne et nl., 1999). The differences between
breeds in herbage digestibility were similar over the
whole range of DM intakes, as the interaction
between breed and level of intake was not
statistically significant. It is noteworthy that breed
differences were larger for rumen degradability
measured in sittL than for in aiao digestibility,
indicating that there could be some differences in the
digestion in the hindgut, and that generalizrng in situ
::rr:l,r 
to an in ¿rloo situation should be done with
Desoite the differences between Churra and Merino
sheép in the rumen degradation of the herbage, no
significant differences between breeds were detected
in the microbial N flow to the intestine or in the
efficiency of microbiai N supply, which is in
agreement with similar comparisons reported by
other authors (Ranil1a et nI., 1998; Lourengo et n/.,
López, Frutos, Mantecón and Giráldez
2000). It is nossible that this indirect method of
estimating microbial N supply is not sensitive
enough to detect slight differences between
treatments, given the large individual variability in
the PD urinary excretion (Chen e/ al., 1992). The
values observed in both breeds were in the range of
those reported previously for forage diets (Chen ef
al., 1992), although some values of microbial N
supply per kg DOMR were lower than average
values of efficiency of microbial N synthesis reported
in the literature (Jouany et aI., 1995), suggesting that
either N or energy may have been limiting for
microbial growth.
Food intnke
Higher levels of intake of a particular roughage have
been associated wiih reduced digestibility, due to the
more rapid passage of digesta from the rumen (Balch
and Campling, 1962; Demarquilly et al., 1995), thus
reducing the time available for ruminal microbial
digestion (Owens and Goeisch, 1986). Aithough this
relationship between roughage digestibility and DM
intake has been generally accepted (Faichney, 1986),
there are a number of studies in sheep in which the
reduction in intake or the increase in retention time
of digesta in the rumen were not accompanied by
consistent increases in digestibility of roughage diets
(Blaxter et aI., 1956; Grovum and Williams, 1977;
Iason ¿f aI., 1995). In the present experiment, higher
DM intakes resulted in a slight decrease ln
digestibility only with the eariy cut herbage, whereas
no significant relationship between DM intake and
digestibility was found with the low-digestibility
herhaoe lFiqrrre 1 \
The cause and effect of the association between
intake and digestibility has been questioned (Warner,
1981), owing to the controversial results reported in
the literature (Demarquilly et nI.,1995).It is possible
that long roughage diets as in this experiment have
relatively long retention times in the rumen, enough
for the microbiai action. The reduction in retention
time in the rumen associated with higher intakes can
be followed by compensatory shifts in the site of
digestion, so that more food is digested in the
hindgut (Grovum and Williams, 1977), and the
digestibiiity in the whole tract is not significantly
affected.
Finally, higher passage rates have been associated
with a higher efficiency in the microbial growth in
the rumen (Owens and Goetsch, 1986; Chen et al.,
1,992), and hence with faster degradation rates that
would compensate for the effect of shorter retentron
times. In the present study, a highly significant
relationship between DM intake and microbial N
supply (Figure 3a) was observed. This relationship is
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not solely determined by the amount of food
consumed. The efficiency of microbial synthesis (as g
microbial N supply per kg digestible OM) is also
increased with higher DM intakes (Figure 3b),
increasing the outflow of microbial mass from the
rumen. This is in agreement with the relationship
reported by Chen et al. (1992), although these authors
observed higher efficiencies of microbial supply by
feeding the sheep with a good quality diet.
In conclusion, comparisons between sheep breeds in
digestibility are highly dependent on the diet,
demonstrating that there is no common explanation
to elucidate the differences between breeás in the
digestibility of roughages. In the present study, the
differences between Churra and Merino sheep were
more pronounced with the low-digestibility hérbage.
Digestibility of LC herbage was greater in Churra
than in Merino sheep, whereas there were no
significant differences between breeds in the
digestibility of the EC herbage. Breed differences
were not affected by the level of intake. The
relationship between digestibility and intake was not
consistent, as there may be a multiplicity of factors
acting in one or another sense. In particular, the
increase in food intake led to a higher supply of
microbial mass to the small intestine, indicating that
could increase the efficiency of microbial synthesis in
the rumen.
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